Breathless, a Drosophila FGF receptor homolog (DFGF-Rl), was shown to be essential for the migration of the tracheal cells and the posterior midline glia cells. The temporal requirement for the activity of this receptor was dissected by a dominant-negative construct lacking a functional cytoplasmic tyrosine-kinase domain. Induction of the construct prior to the onset of tracheal or glial cell migration produced phenotypes that were similar to those observed in the corresponding tissues of breathless null mutant embryos. However, this effect is not detected if the dominant-negative receptor is induced after the initiation of tracheal cell migration, indicating that Breathless is required primarily at the onset of the migration process. Induction of the construct after the tracheal branches are completed, blocked the formation of tracheoles, i.e. extension of cellular processes by the terminal tracheal cells, demonstrating that Breathless plays an essential role in this process as well. The requirement for Breathless at the onset of migration and the diversity of processes in which it participates, suggest that the receptor is involved in triggering transcription factors, which may be distinct for each context.
Introduction
During embryonic development, processes of cell migration underlie the formation of several tissues displaying intricate and stereotyped patterns. Migrating cells that generate precise networks must respond to-guiding cues originating from other tissues, as well as from the immediate and distant extracellular environment.
However, the detailed nature of the molecular components that mediate signaling for pathfinding and those that enable cell motility, are yet to be characterized. Among such molecular components, some are likely to be shared by migrating cells of different types, whereas others could be cell-type specific.
A tissue that can serve as a paradigm for studying the mechanisms and molecular components involved in cell migration is the tracheal system of Drosophila.
The formation of the embryonic and larval tracheal system is comprised of three separate stages (Campos-Ortega and Hartenstein, 1985; Manning and Krasnow, 1993) . In the first phase, tracheal-cell precursors appear as ten ectodermal placodes on each side of the embryo. While undergoing the last cell division, tracheal cells invaginate to form the tracheal pits. There are approximately 80 tracheal cells in each pit and together, these cells will ultimately form the complete tracheal tree as they migrate and extend. Cell migration represents the second phase of tracheal development.
It initiates 6.5-7 h after egg lay (AEL), in the generation of finger-like extensions. Subsequently, the cells continue to migrate along highly stereotyped routes. The formation of the primary branches of the tracheal system reaches completion by 12 h AEL. At this stage, the terminal cells at the tip of most primary branches extend cellular processes, termed tracheoles, that grow out and ramify in the vicinity of target organs (K. Guillemin and M. Krasnow, pers. commun) . The process of tracheole formation proceeds until late larval development and constitutes the third phase of tracheal morphogenesis.
One gene that is essential for tracheal cell migration encodes a Drosophila homolog of the fibroblast growth factor (FGF) receptor (DFGF-RI) (Glazer and Shilo, 1991; Khirnbt et al., 1992) . DFGF-RI is a receptor tyrosine kinase (RTK) whose structural properties are similar to those of the FGF receptor family. In the absence of a functional receptor, migration of tracheal cells is completely blocked. On the basis of the tracheal phenotype of DFGF-RI mutants, the mutation was termed breathless (brl). Not only is tracheal cell migration inhibited in btl mutants, but migration of the posterior pair of the midline glial cells is also defective in these mutants (Kl&nbt et al., 1992) . Notably, btl expression is restricted to the tracheal system and the midline glia cells and therefore, its function in these tissues is cell autonomous.
What is the precise role of Breathless in tracheal morphogenesis? Breathless does not appear to be required in the first phase of tracheal development, i.e. in cell division and fate determination, as cell number and the expression of tracheal-specific markers appear normal in btl null mutants (Kl&rnbt et al., 1992) . It was recently shown that a constitutively activated Breathless construct that was ubiquitously expressed at the time of tracheal cell migration, did not disrupt migration in wild type embryos and was able to partially rescue tracheal cell migration in btl mutant embryos (Reichman-Fried et al., 1994) . Therefore, it is conceivable that Breathless does not respond to spatially restricted cues that guide tracheal cell migration. Rather, it may serve a permissive role in promoting tracheal cell migration. A partial correction of the migration defects in bfl mutants was also obtained by activated Drasl and Draf (Reichman-Fried et al., 1994) , which are universal downstream components in the cellular pathway triggered by multiple vertebrate and Drosophila RTKs (reviewed in Pawson, 1995) . These results indicate that Breathless activates the Ras signaling pathway.
Given that Breathless exerts a permissive role in the process of tracheal-cell migration, in could fulfill several biological functions: Breathless could influence motility and cytoskeletal properties of migrating cells, affect interactions with the extracellular matrix, or trigger transcription of genes which themselves are critical for the process of migration. One way to distinguish between these possibilities is to determine whether Breathless activity is required throughout the course of migration, or only for the onset of the process. Towards that end, transgenic flies which carry an inducible, dominant-negative form of Breathless (hereafter referred to as DN-Rl) were generated. We show that in order to allow tracheal cell migration, Breathless activity is required primarily at the onset of the process. This result suggests that the biological role of the receptor may be associated with transcription activation of genes whose products are themselves essential for tracheal-cell migration. Alternatively, the receptor may induce stable modifications of cytoplasmic elements which participate in cell shape determination or motility. Insights into the potential role of Breathless at later developmental stages could also be gained using the DN-Rl flies. We found that extensions of tracheoles from terminal tracheal cells is blocked as a consequence of DN-Rl induction at mid-embryonic development.
Results

Effects of dominant-negative Breathless on embryonic cell migration
We wished to elucidate the role of Breathless at different stages of development. Since a temperature-sensitive mutation in the btl locus is not available, an inducible, dominant-negative Breathless construct (termed DN-Rl) was utilized. A dominant-negative FGF receptor construct has been previously used successfully in Xenopus (Amaya et al., 1991) . The DN-Rl construct encodes functional extracellular and transmembrane domains, but only 100 amino acids at the cytoplasmic tail. At the basis of the inhibitory activity was the removal of the functional tyrosine-kinase domain, and the high transcription level, directed by the yeast-derived Gal4/UAS system (Brand and Perrimon, 1993) . Thus, an efficient binding of Breathless ligand(s) and receptor dimerization were ensured, while the cytoplasmic signal normally induced upon ligand binding was blocked. Several homozygous transgenic lines were generated, of which one line (termed 54) carrying the transgene on the third chromosome was used in all subsequent experiments. DN-Rl was induced by the Gal4 transcriptional activator placed under the regulation of the inducible heat-shock 70 promoter.
To determine whether the DN-RI transgene could inhibit the activity of endogenous Breathless, the phenotypic consequences of its induction were examined in tissues where Breathless is normally expressed, including the tracheal system and the midline glia cells (Glazer and Shilo, 1991; Klambt et al., 1992) . Migration of the primary tracheal branches initiates at 6.5-7 h after egg lay (AEL) at 25"C, and is completed at 12 h AEL (Manning and Krasnow, 1993) . To ensure the accumulation of the dominant-negative protein prior to the onset of tracheal migration, staged embryos were heat shocked at 4 h AEL, fixed 8 h later and the tracheal phenotype was visualized by staining with lumen-specific antibodies. Under these conditions, migration of tracheal cells was completely arrested, resulting in a tracheal phenotype identical to that observed in btl null mutants (Fig. lB,C) (Kllmbt et al., 1992) .
That inhibition of tracheal cell migration reflected a specific effect of DN-Rl was confirmed by carrying out a similar experiment with the dominant-negative form of DFGF-R2 (Beiman, Volk and Shilo, unpublished), a second Drosophila FGF receptor homolog normally expressed only in mesodermal lineages (Shishido et al., 1993) . No inhibition of tracheal cell migration was observed in this experiment (not shown). Therefore, neither heat shock, nor Gal4 activity alone were responsible for types are seen within the population of embryos that were heat shocked at 6.5 + 0.5 h AEL. Note the formation of a complete dorsal trunk and the initiation of dorsal branch migration (marked by arrows in C and D, respectively). Lateral trunk (arrowhead) is incompletely formed following heat shock at 7 h AEL (E), while a mostly complete tracheal tree is seen after heat shock at 8 h AEL (F), including the formation of ganglionic branches (arrowhead).
ies that label the CNS axons. Heat-shock induction of the DN-Rl construct at 6.5 h AEL resulted in defective migration of the MGP cells (Fig. lF) , characteristic of btl mutants (Fig. 1E) . Similar to the experiments described above, no effect on glial cell migration was seen when the dominant-negative form of DFGF-R2 was used instead of DN-RI in the same experimental procedure (not shown). The observed inhibition of glial cell migration can thus be specifically attributed to the effect of DN-RI.
2.2, Temporal requirement for Breathless in tracheal cell migration
The dominant-negative form of Breathless is able to recapitulate the biological effects of a defective endogenous receptor, when induced prior to the onset of cell migration. We were therefore in a position to address the question whether Breathless is required continuously during the migration process, or only for its onset. Embryos of the DN-RUHS-Gal4 genotype were heat shocked once, at different stages of tracheal migration. If Breathless is required continuously during tracheal migration, we would expect each heat shock to 'freeze' the normal migration process at a distinct stage, subsequent to DN-RI induction. However, if the receptor is required only for the onset of migration, the process should not be sensitive to the presence of DN-Rl, once migration has initiated.
Induction of DN-RI at 5.5 h AEL, resulted in a complete inhibition of tracheal migration in all treated embryos (not shown). This result indicates that sufficient levels of DN-RI accumulate within 1 h, prior to the onset of tracheal migration at 6.5-7 h. Western blots with the Gene10 epitop tag indeed demonstrated that an induced, dominant-negative protein can be readily detected one hour following heat shock (M. Beiman, pers. commun.).
In contrast to the uniform phenotypes described above, heat shock at 6.5 h AEL gave rise to a wide range of tracheal defects. In some embryos, no migration was observed ( Fig. 2A) , in others partial formation of the dorsal trunk was monitored (Fig. 2B) , while the remaining embryos displayed a complete dorsal trunk and some of the lateral branches (Fig. 2C,D) . These phenotypes are similar to the spectrum of tracheal defects observed in btl hypomorphic mutants, which correlate with the reduced level of expression of the gene (Klambt et al., 1992) . Given that the collection of treated embryos represents a l-h time span, the spectrum of observed tracheal phenotypes is likely to reflect the age-dependent effect of DNRl on tracheal development, within that time window. Consistent with this interpretation is the finding that heat shock at 6 h AEL yielded qualitatively similar results to those obtained following heat shock at 6.5 h AEL, except that the distribution of the phenotypes was shifted towards the severe end of the scale (not shown). Heat shock at 7 h AEL resulted in defects only in the formation of the dorsal, visceral and ganglionic branches (Fig. 2E) , while heat shock at 8 h AEL had no effect on tracheal migration, such that all embryos exhibited a wild type tracheal phenotype (Fig. 2F) . These results indicate that although Breathless is expressed throughout tracheal development, it is obligatory primarily for the onset of the tracheal migration process. Following the initial stages, tracheal cell migration becomes insensitive to the inhibitory effect of the DN-Rl protein.
Although Breathless is required for the migration of all tracheal branches, distinct branches are differentially inhibited by DN-Rl. Following heat shock at 7 h AEL, elongation of the dorsal trunk proceeds to give a complete fusion across the segments, whereas dorsal, visceral and ganglionic branches do not form (Fig. 2E) . The failure of the dorsal branch precursor cells to migrate, following induction at 6.5 h AEL, can also be visualized directly with an antibody to @aI expressed in these cells in the H82 strain (Fig. 2D ).
Breathless is required for the formation of tracheoles
The generation of the stereotyped scaffold of the tracheal tree is completed at 12 h of embryogenesis.
During the next phase of tracheal development, cytoplasmic extensions of the terminal cells lead to formation of the terminal branches, i.e. the tracheoles. The process of tracheole formation starts late in embryogenesis (after stage 15) and progresses throughout larval development.
The first tracheoles to be formed include extensions from the terminal cells of the dorsal branches, the visceral branches, the lateral trunk and the ganglionic branches (Fig. 3A,D) (Krasnow and Manning, 1993) .
To study the possible role of Breathless in the formation of tracheoles, embryos of the genotype H82, HSGal4IDN-RI were used. When DN-Rl was induced at stage 15 (11 h AEL) and tracheole formation was examined at stage 17, no terminal branches extending from the lateral or dorsal cells were detected (Fig. 3B,C,E,F) . Normal lumen extensions (arrowhead) distal to the nuclei of the terminal cells can be seen in embryos of the same genotype that were not heat shocked (Fig. 3A,D) . The inhibition of tracheole formation can be monitored more readily in second instar larvae, following DN-RI induction late in embryogenesis, at 20 h AEL (stage 18). No tracheoles are formed in the treated progeny (Fig. 3H) , while extensive tracheole branching is seen in wild type larvae (Fig. 3G) , or in larvae carrying only the HS-Gal4 construct that were similarly heat shocked.
Discussion
I. Breathless is essential for the onset of tracheal migration
Analysis of btl mutants in which the activity or expression of Breathless has been completely eliminated, demonstrated that the receptor is not essential for the determination of general tracheal cell fate. In the absence of the receptor, however, cell migration does not take place in the tissues in which it is normally expressed (Klambt et al., 1992 ). Breathless appears to play a permissive, rather than instructive role in the migration process, since a constitutively activated receptor was able to partially rescue the migration defects of btl mutant embryos and allow migration along the normal tracts (Reichman-Fried et al., 1994) . Several models were suggested to account for the permissive function of the receptor. On one hand, Breathless could activate transcription of genes through the Ras/MAP kinase pathway. Alternatively, Breathless may act as a component in the migration machinery, by controlling for example, actin polymerization.
Effects of other receptor tyrosine kinases on cell shape have been previously documented Machesky and Pollard, 1993; Pappelenbosch et al., 1993) . We reasoned that since the process of embryonic tracheal migration proceeds for over 6 h, it may be possible to distinguish between the two alternative models by determining the temporal requirement for Breathless during tracheal migration.
The dominant-negative Breathless construct (DN-Rl), driven by the Gal4KJAS system proved an efficient way to dissect the temporal requirement for the receptor. When induced prior to the onset of migration, the expression levels of DN-RI are sufficiently high to completely abrogate the function of the endogenous receptor and give rise to a btl null phenotype. An additional advantage of the Gal4-two component system lies in the level and stability of the Gal4 protein: Following a single heat shock, effective induction of the dominant-negative construct appears to be maintained for several hours (not shown).
Induction of DN-RI at later stages of tracheal migration, yielded results indicating that Breathless is not required continuously during migration. Within a time window of 1 h, migration of the major tracheal branches became insensitive to the inhibitory effect of the dominant-negative construct. A range of phenotypes resembling the hypomorphic btl alleles was observed when the construct was induced during that critical hour. At the time point at which the activity of Breathless is required, intermediate levels of the dominant-negative receptor may result in partial activity of endogenous Breathless. The observations are thus consistent with a requirement for the receptor primarily at the onset of tracheal cell migration, Breathless activity may be essential for triggering a set of transcription factors which in turn, would induce the expression of genes required for guided migration or for motility per se. The stability of the activated transcription factors or their targets may allow the completion of cell migration in the absence of further Breathless activity. Since the Ras/Raf pathway is an obligatory part of Breathless signaling (Reichman-Fried et al., 1994) , the activation of transcription factors could take place through MAP kinase. It is possible, however, that the Breathless pathway also induces stable modifications of cytoplasmic elements which participate in migration.
Several tracheal branches appear more sensitive to the loss of Breathless activity, most notably the dorsal, visceral and ganglionic branches. They may require higher or sustained levels of products induced by the Breathless pathway. It is also possible that the expression of novel proteins, whose expression is induced by the Breathless pathway after the general onset of cell migration, is essential for the completion of migration by these branches. When DN-Rl is induced at 8 h AEL, all branches become insensitive to the construct.
By inducing the activity of a similar dominantnegative construct of another Drosophila FGF receptor homolog, DFGF-R2 (Shishido et al., 1993) , we demonstrate that the effects of DN-Rl on tracheal migration were specific. Breathless and DFGF-R2 show 80% identity at their cytoplasmic tyrosine-kinase domain and are likely to trigger similar signaling pathways, since the btl tracheal phenotype can be partially rescued by an activated DFGF-R2 construct (Reichman-Fried et al., 1994) . At the extracellular domain, Breathless contains five immunoglobulin-like loops while DFGF-R2 has only two, and the identity between the receptors in that region is only 30%. The embryonic expression of the two receptors shows no overlap; DFGF-R2 is expressed only in the mesodermal lineages (Shishido et al., 1993) . Nevertheless, one cannot exclude the possibility that the two receptors are triggered by the same ligand(s). However, the finding that the dominant-negative construct of DFGF-R2 had no effect on tracheal migration, suggests that these receptors do not recognize common ligands. This is in contrast to vertebrate FGFs and their receptors, where cross reactivity appears to be the rule (reviewed in Johnson and Williams, 1993) . The biological activity of the dominant-negative DFGF-R2 was ascertained by the identification of induced phenotypes in the mesodermal lineages (Beiman, Volk and Shilo, unpublished). Inhibitory effect of DN-Rl on tracheole formation. Staged embryos generated in the cross between DN-RI transgenic flies and H82, HSGal4ITM3 flies were heat shocked at 11 h AEL and the effect on embryonic terminal branch development was examined (B,C, E,F). Double staining of embryos was carried out 16 h AEL (stage 17): 2A12 monoclonal antibodies were used to label the tracheal and tracheole lumen (brown), and anti-j% Gal antibodies were used to stain the H82 enhancer element expressed in the nuclei of all tracheal cells (blue). Wild type embryos were stained with 2Al2 antibodies alone, for better resolution of the tracheoles. As seen in (B,C), no terminal branches extend from the terminal cells (arrows) of the lateral branches in stage 17 DN-RI/HSGa[4 embryos. This is in contrast to the terminal branches extending from the tip of the lateral branches (arrow) in wild type embryos (A). Similarly, while the terminal cells of the dorsal branches in wild type embryos send processes that curve and elongate towards the dorsal trunk (marked with an arrow in D), no such extensions are formed in DN-RM-ISZ, HS-GaI4 embryos (arrows in E,F). Double staining of wild type embryos was carried out and yielded similar results (not shown). (C) and (F) represent 1 S-fold magnification compared to (B) and (E). The effect of DN-RI activity on larval tracheole formation was examined in second instar larvae of the DN-RlIHSGal4 genotype following heat shock at 20 h AEL (G,H). Tracheoles do not emanate from the tip of the dorsal branches (arrow) in second instar larva of the DN-RUH82, HSGa14 genotype (H). On the other hand, a network of tracheoles (arrows) is observed in wild type larva at the same developmental stage (G). Expression of brl in the larval tracheal cells was followed by anti-@al staining of a third instar larva carrying the H82 brl enhancer element (I). 52 (1995) 265-273 
hf. Reichman-Fried. B-2. Shilo I Mechanisms of Development
Breathless is required for tracheole formation
The process of tracheal cell migration culminates in the generation of the tracheal tree which is a stereotyped network of interconnected tubes. This scaffold will not suffice however, to allow passive air flow to all larval cells after hatching, especially after the larvae grow in size and cell number. Therefore, the process of tracheole formation ensues (Manning and Krasnow, 1993, and K. Guillemin and M. Krasnow, pers. commun.) . Distinct subsets of terminal tracheal cells, designated as terminal cells, extend long processes towards the target tissues. Intracellular fusion of vesicles within these processes, containing the same lumen antigens as the tracheal tubes, generates blind-ended tubes connected to the main tracheal branches. The elongation and addition of tracheoles is responsible for the proper supply of air to the growing larval tissues. Typically, a single terminal cell will send multiple processes and extensions, which bifurcate and ramify. Their number, size and pattern is variable, in contrast to the stereotyped structure of the tracheal tree, and is presumably induced by anoxia of the target tissues.
The dominant-negative Breathless construct was also instrumental in identifying an essential role for the receptor in the process of tracheole formation. Induction of DN-RI during embryogenesis upon completion of tracheal cell migration, inhibited tracheole formation, as shown in the embryo and in larvae. Breathless appears to be required for tracheole formation over a prolonged period, since induction of DN-Rl either at 11 h or 20 h AEL resulted in absence of tracheoles. The process of tracheal cell migration is very different from the formation of tracheoles: The first involves guided cell migration, while the latter generates a variable pattern of cell extensions. The mechanistic differences between the two processes argue against a direct effect of Breathless on the machinery for cell migration or extension. Rather, activation of transcription by Breathless may give rise to the induction of distinct sets of target genes, depending upon the stage or cell type in which the receptor is activated.
In conclusion, Breathless is crucial for three distinct processes of cell migration or extension: Migration of the posterior midline glia cells, migration of the embryonic tracheal cells and extension of the tracheoles in embryos and larvae. Although the three processes are very different from each other, the results presented in this work may explain how they can all be regulated by the same receptor. The requirement for Breathless primarily at the onset of tracheal migration strongly suggests that it does not regulate directly the cellular migration machinery, but rather may be necessary for the induction of specific gene products. The same Ras/MAP kinase pathway may thus lead to transcriptional activation of distinct genes, depending upon the cell type or stage in which Breathless was triggered. During the initial phase of tracheal cell migration, all cells may be identical. As migration proceeds, distinct subtypes of tracheal cells are generated. One class of tracheal cells are the terminal cells, which can be identified by the expression of different markers (K. Guillemin and M. Krasnow, pers. commun.). The expression of novel transcription factors or other downstream signaling components in these cells, may thus create a different response to activated Breathless.
The formation of branched tubular structures in insect trachea and in the vertebrate circulatory system display similar anatomical features. Ligands for RTKs, most notably FGF and VEGF have been shown to play a central role in processes of vasculogenesis and angiogenesis (Folkman and Klagsbrun, 1987; Wagner and Risau, 1994) . The formation of new blood vessels involves both the proliferation and the migration of the endothelial cells, in contrast to morphogenesis of the tracheal tree which takes place after the completion of tracheal cell division. The roles of the receptors for FGF and VEGF may thus be broader than that of Breathless, which is required only after the completion of cell division. Nevertheless, the role of the Breathless pathway in triggering migration and extension of the tracheal cells, may provide a general paradigm for processes of branching morphogenesis in vertebrates.
Experimental procedures
I. Constructs andjly strains
The dominant-negative form of DFGF-Rl was constructed by fusing two DNA fragments: (1) a 0.6 kb EcoRI-Hi&III cDNA fragment encoding the signal peptide and the N-terminal part of the extracellular domain and (2) A Hi&III-M/u1 genomic DFGF-Rl fragment of 1.6 kb which is devoid of introns and encodes the rest of the extracellular region, the transmembrane domain and 100 cytoplasmic amino acids (Glazer and Shilo, 1991; Klambt et al., 1992) . The 3' end of the fused fragment was tagged with Gene10 epitop (Novagene) and cloned into the EcoRI-XbaI sites of the pUAST vector which contains multimers of GalCbinding sites (Brand and Perrimon, 1993) . The dominant-negative construct was termed DN-Rl. Transgenic flies were generated by Pelement mediated germline transformation according to the standard protocol (Spradling, 1986) . Of several DNRi transformed lines that were obtained, one line (termed 5-4) showed the highest inhibitory effect on tracheal development and was therefore used in all subsequent experiments. Flies of line 54 were homozygous for the transgene which was inserted in the third chromosome. The Gal4 transcriptional activator construct used is under the control of the hsp70 promoter and two copies of the sevenEess enhancer (referred to as 2Xsev HS-Gal4). HOmozygous flies carrying this construct on the third chromosome were obtained from E. Hafen. To visualize the tracheal and midline glia cells in which Breathless is normally expressed, a recombinant chromosome carrying the btl enhancer trap H82 (Kllmbt et al., 1992) and 2Xseu HS-Gal4 was generated and balanced over a TM3 ealv1acZ chromosome. As a btl null allele we used the strain w; btlH82A3/TM3 ealv-lacZ (Klambt et al., 1992) .
Heat shock protocols
For the heat shock procedures, egg lay plates of staged embryos (k30 min) were incubated at 37°C for 20 min at the specified stage and returned to 25°C for the required time period. To determine the effect of DN-Rl expression on the development of primary tracheal branches, embryos were fixed at stage 14 (11.5 h AEL) and subsequently stained. To examine embryonic tracheole development and glial cell migration, embryos were fixed at stage 17 (-16 h AEL). Note that the time points refer to development at 25°C.
Antibodies and staining procedures
The lumen of the tracheal tubes was stained with guinea pig polyclonal antibody 55 (Reichman-Fried et al., 1994) and mouse monoclonal antibody 2A12 (obtained from N. Pate1 and C. Goodman). 2A12 antibodies were used in a 1:5 dilution and as secondary antibody, biotinylated goat anti-mouse IgM antibodies (Jackson) were employed (at a 1:lOOO dilution), followed by labeling with avidin-biotin complex (Vector) and standard HRP staining procedure. Rabbit anti$Gal antibodies were purchased from Cappel. The CNS axons were visualized with BP102 monoclonal antibodies (Khimbt et al., 1991) . Standard whole mount and HRP immunohistochemistry procedures of embryos were used (Ashburner, 1989) . Double staining of the CNS and the tracheal branches was carried out by first applying both primary antibodies while the respective secondary antibodies were added separately: Anti-BGal labeling (dark blue) was followed by staining the CNS axons or the tracheal tubes (brown). The dark blue staining was obtained by adding 1% CoC12 and NiC12 to the substrate. Anti-PGal staining of larval tracheal cells in the H82 strain was carried out following dissection of larvae in phosphate buffered saline and fixation with 2% glutaraldehyde. Tracheoles of larvae were examined under phase contrast optics after fixing with 2% glutaraldehyde and mounting in glycerol.
